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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to refrigerant compressors and refrigeration apparatus comprising a lubricant composition 

miscible in hydrofluorocarbon and hydrochlorofluorocarbon refrigerants and a process for using such a lubricant com- 
position in refrigerator compressors and refrigerator compressor built-in refrigeration apparatus. More particularly, the 
present invention relates to refrigerant compressors and refrigeration apparatus comprising a lubricant composition 
which is less deteriorated when contacted with a refrigerant in refrigerators at relatively high temperatures and suitable 

10 for enhancing reliability of compressors and a process for using such a lubricant composition in refrigerator compressors 
and refrigeration apparatus containing refrigerator compressors therein. 

Recently, the use of chlorofluorocarbons (CFC) is to be inhibited in order to prevent the ozone layer in the strato- 
sphere from breakage. Such CFC's include R11 (trichloromonofluoromethane), R12 (dichlorodifluoromethane), R113, 
R114, R115, etc. For example, R12 which has been used in refrigeration cycle in refrigeration apparatus such as a 

15 refrigerator is an object to be inhibited. As replacing refrigerants, hydrochlorofluorocarbons (HCFC) containing one or 
more hydrogen atoms in the molecule such as R22, and R502 (azeotropic mixed refrigerants containing 48.8% by 
weight of R22 and 51 .2% by weight of R115) are studied. The ozone layer breakage coefficient of R22 is 0.05 and that 
of R502 is 0.3 taking the ozone layer breakage coefficient of R12 as 1. In the future, a hydrofluorocarbon (HFC) con- 
taining no chlorine atom in the molecule will be employed eternally. A typical example of HFC is R1 34a which has the 

20 ozone layer breakage coefficient of 0, is nonflammable and has almost the same thermodynamic properties as R12. 
Thus, R134a can be used practically without changing remarkably the structures of refrigeration apparatus such as 
refrigerators and dehumidifiers and refrigerator compressors. However, R134a (CH 2 FCF 3 ) has very unique properties 
due to its special chemical structure, so that it is not miscible in refrigerating machine oils used in the refrigeration 
system of R12, e.g. mineral oils (naphthenic oils, paraffinic oils) and synthetic oils such as alkylbenzene. Thus, there 

25 arise various problems in that oil return becomes worse when the oil flows into the refrigeration system, resulting in 
retaining the oil in the heat exchanger to lower heat transfer ability, and in the worst case, the oil in the compressor 
becomes insufficient so as to cause seizing or abnormal wear on sliding portions due to poor lubrication. Therefore, 
development of refrigerating machine oils (or lubricants for refrigerants) suitable for refrigerant R134a is required. 
As the lubricants having miscibility in R1 34a, there are proposed polyglycol oils (e.g. Japanese Patent Unexamined 

30 Publication Nos. 1 -259093, 1 -259094, 1 -259095, etc.) and ester oils (e.g. Reito vol. 65, no. 756, pp 47-52 (Oct. 1 990)). 
But the polyglycol oils have defects in that (i) hygroscopic ity is large (saturated water absorption rate : 10,000 - 30,000 
ppm), (ii) electric insulating resistance is low (volume resistivity: 10 12 Q-cm or less), and (iii) deterioration by oxidation 
is great. In the case of using a hermetic compressor wherein a motor which is a driving source is integrated, there is 
a fear of lowering insulating properties of motor coils and terminals, resulting in causing a problem in reliability. On the 

35 other hand, in the case of the ester oils, there can be obtained improvement in electric insulating properties (volume 
resistivity: 10 12 n-cm) and hygroscopicity (saturated water absorption rate: 1,000 - 5,000 ppm) compared with the 
polyglycol oils, but the hygroscopicity is still larger than the saturated water absorption rate of 50 - 1 00 ppm of mineral 
oils and alkylbenzenes, which are refrigerating machine oils used in the R12 system and hydrolysis of ester oils is 
inevitable from their molecular structures. Thus, when an ester oil having a high water content is used as a refrigerating 

40 machine oil, the ester oil is hydrolyzed to form an organic acid near sliding portions of the compressor wherein the 
temperature becomes highest in the refrigeration system, resulting in increasing the total acid value of the refrigerating 
machine oil. As a result, there take place corrosion or damage of sliding materials of the compressor, formation of 
copper plating, reduction of moving of the sliding portions (e.g. abnormal increasing of the torque to rotate a shaft) due 
to formation of a viscous metallic soap, blocking of capillary tube in the refrigeration cycle. Thus, long period reliability 

45 of compressors and refrigeration apparatus is remarkably damaged. Improvement of this is desired. 

On the other hand, addition of epoxy compounds to refrigerating machine oils is also proposed. For example, 
addition of an alkylene oxide compound to mineral oils or synthetic oils to improve thermal stability of CFCs is proposed 
(Japanese Patent Unexamined Publication No. 57-10694). In this reference, it is stated that styrene oxide and phenyl 
glycidyl ether cannot be used due to high toxicity and extremely strong skin irritation, epoxidized soy bean oil is low in 

50 thermal stability and shows a tendency to form a sludge freed from the oil in the co-presence of CFC refrigerator, and 
contrary to these compounds, special alkylene oxide compounds are low in toxicity and able to improve thermal stability 
of refrigerators. But refrigerators used in working examples are only R12, the use of which is to be inhibited. There is 
no description as to replacing refrigerants nor as to what effects can be expected by using the alkylene oxide com- 
pounds. In fact, effects of the alkylene oxide compounds against R1 34a are insufficient. 

55 Further, there is proposed a refrigerating machine oil obtained by adding a glycidyl ester of a straight-chain or side- 

chain saturated fatty acid having 8 to 18 carbon atoms or straight-chain unsaturated fatty acid having 14 to 18 carbon 
atoms to a polyhydric alcohol ester or a mixture of polyhydric alcohol ester and a mineral oil or synthetic oil (Japanese 
Patent Unexamined Publication No. 62-292895). In this reference, it is stated that the addition of glycidyl ethers such 



2 



EP 0 645 443 B1 



as phenyl glycidyl ether, epoxidized fatty acid esters, epoxidized vegetable oils, glycidyl acrylate, etc. is not preferable 
due to strong skin irritation in some cases, low effects, or the like, and addition of long-chain alcohol glycidyl ether 
(having one epoxy group) undesirably causes a phenomenon of copper plating, corrosion of copper, etc. But even if 
an effective fatty acid glycidyl ester is used under severe conditions of high temperatures, an acidic substance formation 
5 reaction due to hydrolysis of fatty acid glycidyl ester and an acid catching reaction by the glycidyl group proceed si- 
multaneously, so that an acid catching effect as a whole is reduced. Thus, metallic parts of the compressor are damaged 
due to corrosion and wear with non-caught acidic substance, resulting in blocking of passage of refrigerant in a refrig- 
eration apparatus by metallic reaction product of fatty acid and causing a problem of lowering performance due to lack 
of cooling. 

w Further, in the refrigeration cycle using R22 or R502 as a refrigerant and a mineral oil or alkylbenzene as a refrig- 

erating machine oil, copper plating takes place on the surface of sliding portions of compressor, resulting in providing 
a problem of reliability of compressor. 

SUMMARY OF THE INVENTION 

15 

It is an object of the present invention to provide refrigerant compressors and refrigeration apparatus comprising 
a lubricant composition (a refrigerating machine oil composition) miscible in hydrofluorocarbon and hydrochlorofluor- 
ocarbon refrigerants which are replacing refrigerants of R12 and excellent in thermal stability and wear resistance 
overcoming the problems mentioned above. It is another object of the present invention to provide a process for using 
20 such a lubricant composition in a refrigerant compressor and a refrigeration apparatus including therein such a refrig- 
erant compressor. 

The present invention provides a refrigerant compressor as defined in claim 3, and a refrigeration apparatus as 
defined in claim 5, each comprising a lubricant composition miscible in hydrofluorocarbon and hydrochlorofluorocarbon 
refrigerants comprising as a base oil at least one member selected from the group consisting of ester oils, alkylbenzene 
25 oils and mineral oils, and an epoxy compound having at least two epoxy groups. 

The present invention further provides a process for operating a refrigerant compressor as defined in claim 1 , and 
a process for operating a refrigeration apparatus as defined in claim 2 including therein such a refrigerant compressor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is a cross-sectional front view of essential portion of a hermetic rotary refrigerant compressor. 
Fig. 2 is a rough view showing a refrigeration cycle in a refrigeration apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

The present inventors have noticed that the epoxy compounds added to refrigerating machine oils have only one 
epoxy group, so that the desired effect has not been obtained, and accomplished the present invention. 

As the base oil in the lubricant composition, there is used at least one member selected from the group consisting 
of ester oils, alkylbenzene oils and mineral oils. Particularly, as the ester oils, it is preferable to use hindered ester oils 
40 obtained by esterification reaction of an organic (fatty) acid with a polyhydric alcohol, and complex ester oils obtained 
from a polyhydric alcohol, a polybasic acid and an organic (fatty) acid, alone or as a mixture thereof. 

As the epoxy compounds, there is used that having two or more epoxy groups. Such an epoxy compound has no 
toxicity unlike phenyl glycidyl ether and shows no skin irritation, so that it is safe for handling. 

Preferable epoxy compounds include, for example, alkylene glycol diglycidyl ethers and aliphatic cyclic epoxy 
45 compounds. 

Preferable examples of the alkylene glycol diglycidyl ethers are represented by the formulae: 

50 \ 2 / I 2 n 1 \/ 

0 R 2 O 

wherein R 1 is an alkylene group preferably having 1 to 5 carbon atoms; Ft, is a hydrogen atom or an alkyl group 
55 preferably having 1 to 5 carbon atoms; and n is an integer of 1 to 22, 
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10 



15 



I * 

CH--CH-CH,-0-CH,-C-CH,-0-CH 2 -CH-CH 2 
\ 2 / 2 I * \/ 

O CH 3 O 



(neopentyl glycol diglycidyl ether) 



2 -CH-CH 2 -0-( CH 2 ) 6 -0-CH 2 -CH-CH 2 



CH,-CH- 

\ 

O 



(1,6-hexanediol diglycidyl ether) 



(2) 



(3) 



20 



25 



OH 
I 



CH--CH-CH--0-CH--CH-CH-CH-CH-CH.-* 
\ 2 / 2 2 1 2 



OH 



CH--CH-CH.-0 O-CH.-CH-CH- 
\ 2 / 2 2 \ / 2 

0 0 



30 



*-0-CH--CH-CH- 
2 x/ 2 



(4) 



35 



(sorbitol polyglycidyl ether) 



Among the compounds of the formula (1), those having CH 2 as and H or CH 3 as Rj and represented by the 
formulae (6) and (7) are particularly preferable: 



40 



45 



CH-,-CH-CH,-0- 

\V 
O 



CH 2 -CH 2 -0 



„ CH,-CH-CH 9 (6) 
n 2 x/ 2 



In = 1 to 22) 



so 



CH,-CH-CH,-0 H-CH-CH -0 

\ 2 / 2 I 2 

0 CH, 



i — CH--CH-CH- 
n 2^/2 

O 



(7) 



55 



In = 1 to 20) 



Preferable examples of the alicyclic epoxy compounds are 3,4-epoxycyclohexylmethyl(3,4-epoxy)cyclohexane 



4 



EP 0 645 443 B1 



carboxylate of the formula: 



10 

an inter-ring epoxy compound represented by the formula: 



is j 0 

O 



20 

an inter-ring epoxy and glycidyl ether compound of the formula: 



25 



^^f~ 0 "VcH -HCH^OCH-CH 2 



30 

a glycidyl ester compound of the formula: 



0 A 

35 <■■ || / \ 



0: 



55 



(10) 



(11) 



( C-0-CH 2 -CH-CH 2 



C-0-CH--CH-CH- 

ii 2 y 

o o 

a hydantoin compound of the formula: 

45 

o=c — c-r. 
i I 

50 H-C-CH-R-N N-R-CH-CH 2 < 13 > 

2 \/ \ / \ / 

o c o 

II 

0 



wherein R is an alkylene group having preferably 1 to 5 carbon atoms; and Rj and R 4 are independently a hydrogen 
atom or an alky I group having preferably 1 to 5 carbon atoms. 
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The epoxy compound used in the present invention is characterized by having at least two epoxy groups in the 
molecule. For example, the epoxy compounds have a better effect in acid catching than epoxy compounds having only 
one epoxy group such as 2-ethylhexyl glycidyl ether or gtycidyl 2-ethylhexanoate. 

The acid catching effect (an effect of removing a harmful acid produced by hydrolysis of ester oil) of various epoxy 
5 compounds (1 .0% by weight in a lubricant composition) was tested and listed in Table 1 . 

In a glass test tube having an inner diameter of 10 mm, 5 ml of an oil containing 1.0% by weight of an epoxy 
compound to be tested having a water content of 700 ppm was placed and metallic pieces of iron, copper and aluminum 
were also placed, followed by sealing of the test tube. After heating at 175°C for 336 hours, the test tube was opened 
and the total acid number of the oil and corrosion state of the metallic pieces were measured. 
70 The total acid number was measured by the testing method for neutralization number of petroleum products (JIS 

K2501). 

The corrosion state of the metallic pieces were tested by observing the state of floating or precipitated products 
produced by corrosion in the oil and surface state of the metallic pieces totally. The evaluation was made as follows: 

is © No corrosion 

O Almost no corrosion 

A Slightly corroded 

X Clearly corroded 

20 



25 



30 



35 



40 



45 



SO 



55 
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Note on Table 1: 



1) CH.-CH-CH--0-CH-CH.-0-CH--CH-CH- 
\V 2 I 2 2 \/ 2 



CH 3 0 



10 



2) CH,-CH-CH,-0-CH,-CH-(CH,) ,-CH, 
\ 2 / 2 I 2 3 3 



CH 3 



3) CH--CH-CH»-0-CH,-C-CH,-0-CH_-CH-CH, 

is \ / I \ / 



CH 3 



20 



25 



4) Q-CH 2 -CH-CH 



5) 



/ 
0 

0 



30 

6) 



35 7) CH. (CH-) C-CH 9 -CH-CH- 

3 2 3, „ 2 x/ 2 

CH 3 CH 2 0 0 

40 

As is clear from Table 1 , the epoxy compounds used in the present invention are excellent in the acid removing 
effect and have no irritation on the skin. 

As mentioned above, by adding the epoxy compound having at least two epoxy groups to a base oil containing 
one or more ester oils, alkylbenzene oils and mineral oils, alone or as a mixture thereof, an organic acid produced by 
45 hydrolysis in the case of ester oils is catched by the epoxy group to control the increase of total acid number, resulting 
in preventing corrosion and wear of sliding material of the compressor, the phenomenon of copper plating and the 
production of metallic soap and maintaining normal performance of the compressor More concretely, when an ester 
oil is hydrolyzed, an organic acid and an alcohol are produced. When there are epoxy groups, the epoxy groups are 
opened to catch the organic acid. Such a reaction scheme can be represented by the following equation (14). 

so 



55 
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10 



15 



20 



30 



0 0 
II I 5 II 
R 6 -C-0-CH 2 -C-CH 2 -0-C-R 6 + 2H 2 0 ^ 

R 5 

(hindered ester) 
I 5 

R 6 -COOH + HO-CH 2 -C-CH 2 -OH + HOOC-Rg 
(acid) R 5 (acid) 

(alcohol) 



+ CH.-CH-R ^ R-CH-CH 0 ^ 

\7 V 
0 o 

(epoxy group) (epoxy group) 

25 R r COO OH 

6 I I 
CH 0 -CH-R -v* R-CH-CH- (14) 

I 



OOCRg 

(ring opening of epoxy group) 



In the case of a combination of an alkylbenzene oil, mineral oil and a hydrochlorofluorocarbon refrigerant, the 
35 refrigerant reacts with the oils under severe conditions to form hydrochloric acid, which produces corrosion and wear 
of sliding material, and copper plating phenomenon. In such a case, the epoxy group opens to catch the hydrochloric 
acid to maintain the normal performance of the compressor. Such an effect can be admitted in the case of using an 
epoxy compound having only one epoxy group, but the effect is by far greater when the epoxy compound having at 
least two epoxy groups is used. 
40 The epoxy compound having at least two epoxy groups is used preferably in an amount of 0.05 to 10% by weight, 

more preferably 0.1 to 1.0% by weight, based on the weight of the lubricant composition. When the amount is less 
than 0.05% by weight, the acid catching effect is insufficient, while when the amount is more than 1 0% by weight, there 
is a tendency to damage the functions of the base oil as a refrigerating machine oil and to lose a practical value. 
When propylene or polypropylene glycol diglycidyl ether or 3,4-epoxycyclohexylmethyl(3,4-epoxy)cyclohexane 
45 carboxylate is used as the epoxy compound having at least two epoxy groups, it is also used in an amount of preferably 
0.05 to 1 0% by weight, more preferably 0. 1 to 1 % by weight, based on the weight of the lubricant composition. 

The lubricant composition of the present invention may contain one or more antioxidants, extreme-pressure addi- 
tives, anti-foaming agents, etc., so long as not damaging the objects of the present invention. 

As the antioxidants, it is effective to use phenolic compounds. In order to prevent change of properties and dete- 
so rioration of the base oil and to maintain durability of the base oil, the positive addition of phenolic compounds is pref- 
erable. The antioxidant is added preferably in an amount of 0.01 to 5% by weight based on the weight of the lubricant 
composition. 

Preferable examples of the phenolic antioxidant are represented by the formulae (8) and (9): 

55 
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s 




[C(CH 3 ) 3 ] X 



(8) 



OH 



x = integer of 1 to 3 



10 



OH 



is 




[C(CH 3 ) 3 ] x 



(9) 



x = integer of 1 to 3 



20 



As the refrigerant used in the refrigerant compressor and the refrigeration apparatus, those having a critical tem- 
perature of 40°C or higher are preferable. 

Examples of hydrofluorocarbon refrigerants having a critical temperature of 40°C or higher are difluorom ethane 
(R32), pentafluoroethane (R125), 1,1,2,2-tetrafluoromethane (R134), 1,1,1,2-tetrafluoroethane (R134a), 1,1,2-trifluor- 
25 oethane (R143), 1,1,1-trifluoroethane (R143a), 1,1-difluoroethane (R152a). monofluoroethane (R161), etc. 

Examples of hydrochlorofluorocarbon refrigerants having a critical temperature of 40°C or higher are dichlorom- 
onofluoromethane (R21), monochlorodifluoromethane (R22), monochloro-l^^^-tetrafluoroethane (R124), 1-chloro- 
1 ,1 ,2,2-tetrafluoroethane (R124a), pentafluoroethane (R125), 1 -chloro-1 ,1 -difluoroethane (R1 42b), an azeotropic mix- 
ture (R502) of monochlorodifluoromethane (R22) and monochloropentafluoroethane (R115), etc. 
30 Among them, R134, R134a, R143 and R143a are preferable as replacing refrigerants of R12, since these refrig- 

erants have boiling points near the boiling point of R12. Further, R22 and azeotropic mixture R502 (a mixture of R22 
and R115) have the ozone layer breakage coefficient of not zero, but are practically used today, thus can effectively 
be used as a replacing refrigerant of R1 2 in a short time. 

These hydrofluorocarbons and hydrochlorofluorocarbons can be used alone or as a mixture thereof. 
35 The critical temperature of 40°C or higher is required, because the refrigeration apparatus requires the condensing 

temperature of 40°C or higher in the condenser. 

The lubricant composition is used as a lubricating oil in a compressor wherein a refrigerant cycles and is com- 
pressed. As the compressor, there can be used rotary type, reciprocating type, screw type, and scroll type compressors. 
Such a compressor, for example, comprising a closed vessel containing a refrigerating machine oil at the lower portion 
40 therein, and housing therein a motor comprising a rotor and a stator, a rotating shaft fixed on the rotor, a compressing 
means connected to the motor via the rotating shaft, and at least one refrigerant selected from hydrofluorocarbons and 
hydrochlorofluorocarbons having a critical temperature of 40°C or higher, said refrigerating machine oil being the lu- 
bricant composition mentioned above. 



According to the present invention, even if the hydrofluorocarbon or hydrochlorofluorocabon refrigerant is used 



45 under considerably high temperatures, since the reaction between the base oil and the refrigerant or the base oil and 
water is inhibited, the refrigerant compressor can be operated in a sufficiently stable state. Thus, the refrigeration 
apparatus including such a refrigerant compressor can also be operated stably. Such a refrigeration apparatus com- 
prises the compressor mentioned above, a condenser, an expansion means, an evaporator, and pipes for connecting 
these devices and cycling the refrigerant. 

so Such a refrigeration apparatus can be used as household electrical appliance such as a refrigerator, dehumidifier, 

air conditioner, etc.; various commercial refrigeration apparatus equipped with refrigeration cycle used in show cases 
and beverage storing places as well as refrigeration apparatus requiring refrigeration cycle such as automative air 
conditioners and package-type large-sized air conditioners. 

The present invention is illustrated by way of the following Examples, in which all parts and percents are by weight 

ss unless otherwise specified. 
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Examples 1 to 10, Comparative Examples 1 to 3 

The lubricant compositions as listed in Table 2 were subjected to a test of thermal stability for refrigerant. The 
results are shown in Table 2. 

5 The thermal stability for refrigerant was tested as follows. In a test tube made of pressure glass and having an 

inner diameter of 6 mm and a thickness of 2 mm, 0.5 ml of a sample oil (with or without additive) was placed and 
metallic pieces of iron, copper and aluminum as a catalyst were also placed, followed by addition of 0.5 ml of a refrigerant 
while cooled with dry ice and sealing of the test tube. The test tube was heated at 175°C or 200°C for 960 hours. After 
heating, the color of the mixture of oil and refrigerant in the test tube was measured comparing with the ASTM standard 

w colors to evaluate the degree of progress of the chemical reaction between the oil and the refrigerant. 

Further, the degree of copper plating phenomenon wherein copper is deposited on the surface of iron pieces was 
observed by the naked eye and evaluated by 5 steps, that is, (+) slight copper plating to (5+) copper being plated on 
whole surfaces of iron pieces. 

In addition, the presence of deposit produced by the chemical reaction between the oil and refrigerant was also 

is evaluated. 

As is clear from Table 2, the lubricant composition comprising hindered ester oil and propylene/polypropylene 
glycol diglycidyl ether of the formula (7) (EpoxyQj added in an amount of 0.25% (Example 1) and the lubricant com- 
position comprising hindered ester oil and 3,4-epoxycyclohexylmethyl(3,4-epoxy)cyclohexane carboxylate (Epoxy© 
added in an amount of 0.25% (Example 2) are slight in color change of the base oil and no copper plating and no 
20 deposit are formed in the presence of R134a. In contrast, in Comparative Example 1 containing no additive, copper 
plating and deposit are undesirably formed. Thus, the stability for refrigerant is remarkably improved in Examples 1 
and 2. 

In Examples 3 to 6 wherein EpoxyQ)and Epoxy(2>are added to alkylbenzene oil and naphthenic mineral oil, copper 
plating and deposit are not formed in the presence of R22. This means that the stability for refrigerant is improved 
25 clearly compared with Comparative Examples 2 and 3. 

Further, in Examples 7 to 10 wherein 2,6-di-tert-butyl para-cresol (DBPC) of the formula (8) is added in an amount 
of 0.25% as an antioxidant, the thermal stability for refrigerant is further improved compared with the cases of simply 
adding EpoxyQor Epoxy® The phenolic antioxidant of the formula (9) also showed the same effects as the phenolic 
compound of the formula (8) (the results are not shown in Table 2). 

30 
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Note on Table 2: 



propylene/polypropylene glycol 
diglycidyl ether (0.25%) 
3 , 4-epoxycyclohexylmethyl (3 ,4-epoxy) - 
cyclohexane carboxylate (0.25%) 
DBPC = 2, 6-di-tert-butyl para-cresol (0.25%) 
Copper plating **: 

Copper plating on the surface of iron pieces 
was evaluated by the naked eye in 5 steps: 

(+) slightly copper plated to (5+) copper 
plated on the whole surface 



Examples 11 to 17, Comparative Examples 4 and 5 

The lubricant compositions as listed in Table 3 were subjected to a hydrolysis test as follows. 

In a test tube made of pressure glass and having an inner diameter of 10 mm and a thickness of 2 mm, 5 ml of a 
sample oil having a water content of 3000 ppm was placed and metallic pieces of iron, copper and aluminum were 
placed, followed by addition of 2 ml of the refrigerant R1 34a while cooled with dry ice and sealing of the test tube. The 
test tube was heated at 150°C for 7 and 21 days. After heating, the color of a mixture of the oil and the refrigerant and 
the degree of copper plating were evaluated. Then the test tube was sealed and subjected to the measurement of total 
acid number of the oil-refrigerant mixture according to the testing method for neutralization number of petroleum prod- 
ucts (JISK2501). 

The results are shown in Table 3. 



Additive *: 
Epoxy ® = 

Epoxy (2) = 
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10 



As is clear from Table 3, the total acid numbers of Examples 11 and 1 2 are clearly lower than those of Comparative 
Examples 4 and 5. This clearly shows that the organic acid produced by hydrolysis of the ester oil is caught by the 
epoxy compounds. Thus, the resistance to hydrolysis is remarkably improved by the present invention. 

Further, when the phenolic antioxidant DBPC is added as shown in Examples 14 and 17, the resistance to hydrol- 
ysis is further improved compared with the case of simply adding EpoxyQor Epoxy@to the base oil. 

The phenolic antioxidant of the formula (9) also showed the same effects as the phenolic compound of the formula 
(8) (the results are not shown in Table 3). 

Examples 18 to 21 , Comparative Examples 6 and 7 



The lubricant compositions as listed in Table 4 were subjected to an oxidation stability test according to JIS K251 4 
(method for testing oxidation stability of lubricating oils). 
The results are shown in Table 4. 

As is clear from Table 4, when EpoxyQor Epoxy©is added in an amount of 0.5%, the total acid numbers after 
J5 heating are about 1/10 or less in Examples 18 to 21 compared with those of Comparative Examples 6 and 7. 

This clearly shows that the lubricant compositions of the present invention are also effective for preventing oxidative 
deterioration. 
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Example 22 

Fig. 1 is a cross-sectional front view of essential portion of a hermetic rotary refrigerant compressor. Fig. 2 is a 
rough view showing a refrigeration cycle in a refrigeration apparatus including the compressor of Fig. 1 . 

5 In Fig. 1 , numeral 1 denotes a case which is a closed vessel usable as an oil reservoir and houses a motor portion 

22 and a compressor portion 23. The motor 22 comprises a stator 19 and a rotor 20, which fixes a rotating shaft 4A. 
The rotating shaft 4A has an eccentric portion 3, which has a shaft hollow 1 7 in a vacant state at one end. A coil portion 
19a of the stator 19 has coiling of magnetic wire coated with an esterimide enamel. A core portion of the stator is 
isolated by an electrical insulating film of polyethylene terephthalate from the coil portion. The surface of the rotating 

io shaft 4A is finished by polishing. The compressor portion 23 comprises a cylinder 2 made of a sintered iron; a roller 7 
which is inserted into the eccentric portion 3 of the rotating shaft 4A and rotates eccentricly along the inside of the 
cylinder 2; a vane 10 which is made of high speed steel and reciprocates in a groove 8 of the cylinder 8 while one end 
thereof contacts with the roller 7 and another end thereof is pushed by a spring 9; and a major bearing 5 and a secondary 
bearing 6 which are made of sintered iron or cast iron and form a bearing of the rotating shaft 4A and a side wall of 

is the cylinder 2, and are positioned at both ends of the cylinder. 

The secondary bearing 6 has a delivery valve 27 and covered with a delivery cover 25 so as to form a silencer 28. 
The major bearing 5, the cylinder 2 and the secondary bearing 6 are clinched by a bolt 21 . An oil pump room 12 is 
constituted by surrounding with the back side 11 of the vane 10, the groove 8 of cylinder 2, the major bearing 5 and 
the secondary bearing 6. The major bearing 5 has a suction means 14 which can suck a lubricant composition 13 

20 reserved at the bottom of the case 1 and dissolving a refrigerant therein into the pump room 1 2. The secondary bearing 
6 has a delivery port 1 6 which can deliver the lubricant composition 1 3 to an oil transport pipe 1 5 from the pump room 
12. The oil transport pipe 15 feeds the lubricant composition 13 to the shaft hollow 17 of the rotating shaft 4A. The 
lubricant composition 1 3 is passed through the shaft hollow 1 7 and a branched hole 1 8 to the necessary sliding portion. 
The function of the thus constituted rotary compressor is explained below. 

25 When the compressor is operated and the cast iron made rotating shaft 4A rotates, the roller 7 made of heat treated 

cast iron also rotates. The high speed steel made vane 10 is pushed by the spring 9 and reciprocates in the groove 8 
of cylinder 2 made of sintered iron or cast iron while contacting with the roller 7 at the end. The refrigerant flowed from 
a refrigerant suction inlet (not shown in Fig. 1) is compressed and delivered from a delivery pipe 29 via a refrigerant 
delivery outlet 24 out of the compressor. The coil portion 1 9a of the stator 1 9 and the electric insulating film (not shown 

30 jn Fig. 1) are immersed in the lubricant composition dissolving the refrigerant or exposed to a circumstance formed by 
spraying a mist. 

When the compressor was operated using the lubricant compositions shown in Examples 1-6, 11-13 and 18-21 
as a refrigerating machine oil, it was able to be operated with high reliability for a long period of time even under severe 
conditions without damaging the sliding portion of the compressor, e.g. without causing corrosion and seizing of bear- 

35 ings, and insulation failure in electric system, due to excellent thermal stability, heat resistance and resistance to oxi- 
dation deterioration of the lubricant compositions. 

Fig. 2 shows a rough view of the refrigeration system in the refrigeration apparatus. In Fig. 2, numeral 40 denotes 
a refrigerant compressor, numeral 41 denotes a condenser, numeral 45 is a dryer, numeral 42 is an expansion means, 
and numeral 43 is an evaporator. As shown in Fig. 2, the refrigerant compressor 40 is charged with a lubricant com- 

40 position used in Examples 1 to 21. A refrigerant gas with low temperature and low pressure is compressed, and the 
refrigerant gas with high temperature and high pressure is delivered and passed to the condenser 41. The refrigerant 
gas passed to the condenser 41 becomes a refrigerant liquid with high temperature and high pressure while releasing 
the heat into the air, followed by removal of water in the dryer 45. Then, the refrigerant liquid is passed to the expansion 
means 42 (e.g. an expansion valve or a capillary tube). The refrigerant liquid with high temperature and high pressure 

45 passing through the expansion means becomes a damp vapor with low temperature and low pressure by squeezing 
effect and passed to the evaporator 43. The refrigerant in the evaporator 43 absorbs heat from surroundings to evap- 
orate. The refrigerant gas with low temperature and low pressure passed out of the evaporator 43 is suctioned into the 
compressor 40: The same cycle is repeated in the refrigeration apparatus. 

When the refrigeration cycle mentioned above was applied to a household refrigerator, the performance of the 

so refrigerant compressor 40 shown in Fig. 1 was exhibited to show good oil return from the evaporator to the refrigerant 
compressor 40 in the refrigeration cycle, resulting in realizing the refrigerator with high reliability for a long period of 
time with excellent durability. Good results were obtained in the life test of the refrigeration cycle. 

Conditions for life test: 

55 

Motor coil temperature: 
Delivery pressure of compressor: 
Capillary tube in refrigeration cycle 
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125°C 

13Kg/cm 2 G 

inner diameter 0.65 mm 
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Refrigerant: R134a 
Surrounding temperature: 40°C 
Lubricant composition: Example 7 or 9 

5 This test corresponds to the practical operation of the refrigerator for 10 years. 

Results: 

No change was admitted for 90 days' operation. 
10 In contrast, when no epoxy compound was added to the lubricant compositions, deposition of metallic soap took 

place in the capillary tube to block the passage. 

As mentioned above, the lubricant composition of the present invention shows excellent thermal stability, resistance 
to hydrolysis and resistance to oxidation deterioration in combination with hydrofluorocarbon and hydrochlorofluoro- 
carbon refrigerants. Thus, such a lubricant composition is remarkably effective for maintaining the performance of the 
is compressor for a long period of time. Thus, by installing the refrigerant compressor charged with the lubricant compo- 
sition of the present invention in the refrigeration apparatus, the refrigeration apparatus with high reliability without 
using R12 can be realized. 

20 Claims 

1. A process for operating a refrigerant compressor comprising a closed vessel containing a lubricant composition 
comprising as a base oil at least one member selected from the group consisting of ester oils, alkylbenzene oils 
and mineral oils, and an epoxy compound having at least two epoxy groups, at the bottom, and housing therein a 

25 motor comprising a rotor and a stator, a rotating shaft fixed on the rotor, a compressing means connected to the 

motor via the rotating shaft, and at least one refrigerant selected from hydrofluorocarbons and hydrochlorofluoro- 
carbons, in which process the refrigerant and the lubricant are compressed. 

2. A process for operating a refrigeration apparatus comprising a compressor, a condenser, an expansion means, 
30 an evaporator and pipes for connecting these devices, in which process a refrigerant containing the lubricant 

composition comprising as a base oil at least one member selected from the group consisting of ester oils, alkyl- 
benzene oils and mineral oils, and an epoxy compound having at least two epoxy groups is cycled therethrough. 

3. A refrigerant compressor comprising a closed vessel containing a lubricant composition at the bottom and housing 
35 therein a motor comprising a rotor and a stator, a rotating shaft fixed on the rotor, a compressing means connected 

to the motor via the rotating shaft, and a refrigerant being cycled through the system, said lubricant composition 
comprising as a base oil at least one member selected from the group consisting of ester oils, alkylbenzene oils 
and mineral oils, and an epoxy compound having at least two epoxy groups. 

40 4. The refrigerant compressor according to claim 3, wherein the refrigerant is selected from hydrofluorocarbons and 
hydrochlorofluorocarbons having a critical temperature of 40°C or higher. 

5. A refrigeration apparatus comprising a compressor, a condenser, an expansion means, an evaporator and pipes 
for connecting these devices and a refrigerant which is cycled therethrough, said compressor being that of claim 3. 

45 

6. The refrigeration apparatus according to claim 5, said compressor being that of claim 4. 



Patentanspruche 

so 

1. Verfahren zum Betrieb eines Kuhlverdichters, der eine geschlossenes Gefaft umfaOt, an dessen Boden sich eine 
Schmiermittelzusammensetzung befindet, die als Basisol mindestens einen Bestandteil aus der Gruppe Esterole, 
Alkylbenzolole undMineralole sowie eine Epoxyverbindungmit mindestens 2 Epoxygruppen enthalt, unddas einen 
Motor, der einen Rotor und einen Stator, eine am Rotor befestigte Drehwelle, eine mit dem Motor uber'die Drehwelle 
55 verbundene Verdichtereinrichtung und mindestens ein Kaltemittel, das unter Fluorkohlenwasserstoffen und Chlor- 

fluorkohlenwasserstoffen ausgewahlt ist, beinhattet, wobei in dem Verfahren das Kaltemittel und das Schmiermittel 
verdichtet werden. 
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2. Verfahren zum Betrieb einer Kuhlvorrichtung, die einen Verdichter, einen Kuhler, eine Expansionseinrichtung, ei- 
nen Verdampfer und Rohre zur Verbindung dieser Einrichtungen aufweist, wobei in dem Verfahren ein Kaltemittel, 
das eine Schmiermittelzusammensetzung enthalt, die als Basiso! mindestens einen Bestandteil aus der Gruppe 
Esterole, Alkylbenzolole und Mineralole sowie eine Epoxyverbindung mit mindestens zwei Epoxygruppen enthalt, 

5 im Kreislauf durch die Vorrichtung gefuhrt wird. 

3. Kuhlverdichter, der ein geschlossenes GefaG umfaBt, an dessen Boden sich eine Schmiermitleizusammensetzung 
befindet und das einen Motor, der einen Rotor und einen Stator, eine am Rotor befestigte Drehwelle, eine mit dem 
Motor uber die Drehwelle verbundene Verdichtereinrichtung umfaBt, und ein Kaltemittel beinhaltet, das im Kreislauf 

w durch das System gef Ohrt wird, wobei die schmiermittelzusammensetzung als Basisol mindestens einen Bestand- 

teil aus der Gruppe Esterole, Alkylbenzolole und Mineralole sowie eine Epoxyverbindung mit mindestens zwei 
Epoxygruppen enthalt. 

4. Kuhlverdichter nach Anspruch 3, wobei das Kaltemittel unter Fluorkohlenwasserstoffen und Chlorfluorkohlenwas- 
15 serstoffen mit einer kritischen Temperatur von 40°C oder mehr ausgewahlt wird. 

5. Kuhlvorrichtung, enthaltend einen Verdichter, einen Kuhler, eine Expansionseinrichtung, einen Verdampfer und 
Rohre zur Verbindung dieser Vorrichtungen und ein im Kreislauf darin gefuhrtes Kaltemittel, wobei der Verdichter 
der Definition in Anspruch 3 entspricht. 
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6. Kuhlvorrichtung nach Anspruch 5, wobei der Verdichter der Definition in Anspruch 4 entspricht. 



Revendications 
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1. Precede pour faire fonctionner un compresseur a refrigerant comprenant un recipient ferme contenant une com- 
position lubrifiante comprenant comme huile de base au moins un element choisi dans le groupe constitue par les 
huiles de type ester, les huiles de type alkylbenzene et les huiles minerales, et un compose epoxy ayant au moins 
deux groupes epoxy, au fond, et renfermant un moteur comprenant un rotor et un stator, un arbre rotatif fixe sur 

30 le rotor, un moyen de compression reli6 au moteur par I'intermediaire de I'arbre rotatif, et au moins un refrigerant 

choisi parmi les hydrofluorocarbures et les hydrochlorofluorocarbures, procede dans lequel le refrigerant et le 
lubrifiant sont comprim§s. 

2. Proc6d6 pour faire fonctionner un appareil de refrigeration comprenant un compresseur, un condenseur, un moyen 
35 d'expansion, un evaporateur et des tuyaux pour relier ces dispositifs, precede dans lequel un refrigerant contenant 

la composition lubrifiante comprenant comme huile de base au moins un element choisi dans le groupe constitue 
par les huiles de type ester, les huiles de type alkylbenzene et les huiles minerales, et un compose epoxy ayant 
au moins deux groupes epoxy, subit des cycles a travers celui-ci. 

40 3. Compresseur a refrigerant comprenant un recipient ferme contenant une composition lubrifiante au fond et ren- 
fermant un moteur comprenant un rotor et un stator, un arbre rotatif fixe sur le rotor, un moyen de compression 
relie au moteur par I'intermediaire de I'arbre rotatif, et un refrigerant subissant des cycles a travers le systeme, 
ladite composition lubrifiante comprenant comme huile de base au moins un Element choisi dans le groupe cons- 
titue par les huiles de type ester, les huiles de type alkylbenzene et les huiles minerales, et un compose epoxy 

45 ayant au moins deux groupes epoxy. 

4. Compresseur a refrigerant selon la revendication 3, dans lequel le refrigerant est choisi parmi les hydrofluorocar- 
bures et les hydrochlorofluorocarbures ayant une temperature critique de 40°C ou plus. 

50 5. Appareil de refrigeration comprenant un compresseur, un condenseur, un moyen d'expansion, un evaporateur et 
des tuyaux pour relier ces dispositifs et un refrigerant qui subit des cycles a travers celui-ci, ledit compresseur 
etant celui de la revendication 3. 

6. Appareil de refrigeration selon la revendication 5, ledit compresseur etant celui de la revendication 4. 

55 
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FIG. I 
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